Objective-To assess the relation between P wave duration and the occurrence of atrial fibrillation in hypertrophic cardiomyopathy (HCM). Design-High resolution signal averaged electrocardiography was used in 110 patients with HCM to determine whether patients at risk for paroxysmal atrial fibrillation could be detected during sinus rhythm by measuring P wave duration. Filtered P wave duration was measured manually, over an average of 300 beats per patient.
Results-During follow up, 18 patients (16%) had at least one one clinical episode of paroxysmal atrial fibrillation, including four patients whose initial episode followed the signal averaged electrocardiogram. The 18 patients with overt atrial fibrillation had greater P wave duration than the 69 patients who did not develop atrial fibrillation: 150 (SD 20) v 126 (14) ms; P < 0*001. Another 23 patients without clinically evident atrial fibrillation had prolonged bursts of the arrhythmia on Holter recording, and showed a P wave duration (138 (15) ms) intermediate between patients with and without clinical atrial fibrillation. In assessing risk for atrial fibrillation, P wave duration > 140 ms was associated with sensitivity, specificity, and positive predictive accuracy values of 56%, 83%, and 66%. Multivariate analysis showed that duration of the P wave was the only independent variable associated with occurrence of atrial fibrillation; if P wave duration > 140 ms was combined with left atrial enlargement > 40 mm, the specificity and positive predictive accuracy for atrial fibrillation increased to 93% and 78%. Conclusions-Measurement of P wave duration in sinus rhythm by high resolution signal averaged electrocardiography may be a useful non-invasive clinical tool for identifying patients with HCM likely to develop electrical instability and atrial fibrillation. (Heart 1997; 78:44-49) Keywords: hypertrophic cardiomyopathy; atrial fibrillation; signal averaged ECG; prognosis Atrial fibrillation may be a relatively common clinical event in patients with hypertrophic cardiomyopathy (HCM), often leading to clinical deterioration or death. 1-9 Therefore, the early detection of patients with HCM at risk for developing atrial fibrillation may be useful in developing preventive measures and treatment strategies.
Measurement of P wave duration using a high resolution signal averaged electrocardiogram has been proposed as a non-invasive and reproducible method for assessing risk for atrial fibrillation in cardiac diseases other than HCM.'0-3 Several studies have shown a good correlation between the duration of the P wave and the occurrence of atrial fibrillation in patients with coronary artery disease'4 and hyperthyroidism," as well as in the absence of structural heart disease." 131617 In the present study we used the signal averaged electrocardiogram for the first time in patients with hypertrophic cardiomyopathy to assess the relation between P wave duration and the occurrence of atrial fibrillation.
Methods

PATIENT SELECTION
This study was conducted in a retrospective and prospective fashion between September 1988 and December 1993. The study group comprised 1 10 consecutively enrolled patients with HCM evaluated in the outpatient cardiology clinic of the Ospedale di Careggi, Florence, without either chronic atrial fibrillation, an implanted pacemaker, or frequent supraventricular ectopic beats (> 1% of cycles on prior Holter ECG). Six other eligible patients declined the signal averaged electrocardiogram and were excluded from the analysis. Duration of patient follow up was 8 (SD 5) years from initial diagnosis to the time of signal averaged electrocardiogram recording, and 4 (0-8) years after the recording, with an overall follow up of 12 (6) years (range 2 to 31). As previously described,8 each patient was evaluated routinely with non-invasive testing on an annual basis.
CHARACTERISATION OF STUDY PATIENTS
The patients' age at the time of the signal averaged electrocardiogram recording was 46 (15) years (range 11 solely on at least one 48 h Holter ECG recording (usually unassociated with symptoms); and (3) 18 patients with one or more clinically evident episodes of atrial fibrillation, including 10 patients with one to four additional paroxysms after the initial event. Of the latter 18 patients, 14 were known to have had at least one episode of paroxysmal atrial fibrillation before the signal averaged electrocardiogram recording; in the other four patients, the initial episode of atrial fibrillation occurred six months to 2-5 years after the recording. In each of these patients a prolonged episode of atrial fibrillation was responsible for new symptoms such as dyspnoea, palpitations, presyncope and syncope, prompting the patient to seek medical assistance with subsequent documentation of the arrhythmia by standard electrocardiogram. Of the 18 patients with clinical atrial fibrillation, 14 required pharmacological or electrical cardioversion for one or more paroxysms of atrial fibrillation, while the remaining four patients had single episodes that reverted spontaneously to sinus rhythm.
SIGNAL AVERAGED ELECTROCARDIOGRAM
All study patients were in sinus rhythm at the time the signal averaged electrocardiogram was performed. Cardioactive drugs (with the exception of amiodarone) were withdrawn for at least five half lives before the recording.
P 
INTEROBSERVER AND INTRAOBSERVER VARIABILITY
Interobserver and intraobserver variability in the measurement of P wave duration was assessed in a subgroup of 100 subjects (50 controls and 50 patients). To determine interobserver variability, the two independent investigators measured the P wave duration on the signal averaged electrocardiogram without knowledge of the identity of subjects. To determine intraobserver variability, one observer (AM) also measured P wave duration in the same tracing on two occasions (two months apart). Intermediate P wave duration of > 140 ms proved to be the cut off with the best combination of sensitivity and specificity for atrial fibrillation (56% and 83% respectively), with a positive predictive accuracy of 66%.
Multivariate analysis identified P wave duration as the only independent marker for the propensity to develop atrial fibrillation (P = 0002) (table 1). When the criterion of P wave duration of > 140 ms was combined with left atrial dimension of > 40 mm, the specificity and positive predictive accuracy improved to 93% and 78%, respectively, although sensitivity was lower (44%). For patients with prolonged P wave duration ( > 140 ms) the odds ratio of having atrial fib- darone treatment did not affect the difference in P wave duration between patients with and without atrial fibrillation. When those patients taking amiodarone were excluded from the analysis, the differences in P wave duration between the two groups remained substantially unchanged, at 142 (19) ms in patients with atrial fibrillation v 124 (13) ms in patients 7 without atrial fibrillation; P < 0 001. Similarly, 7. 7 the difference in P wave duration between patients with and without atrial fibrillation remained substantially unchanged when * { patients receiving /B blockers or calcium antagonists were excluded from the analysis (144 o , (22) vs. 125 (14) ms; P < 0-005; and 138 (13) vs. 126 (14) ms; P < 0 005, respectively). was associated with prolonged P wave (P << 0-001), occurrence of atrial fibrillation on their retained a highly significant association with P wave prolongation, independent of the effect tive accu-of amiodarone administration (P < 0 001).
COMPARISON OF CLINICAL AND DEMOGRAPHIC VARIABLES IN PATIENT SUBGROUPS
The 18 patients with clinical atrial fibrillation were older (54 (12) v 42 (15) years; P < 0-05), showed greater functional impairment (functional class 2-2 (0-8) v 1-4 (0 6); P < 0-005), and more commonly had obstruction to left ventricular outflow under basal conditions (gradient > 30 mm Hg) than the 69 patients without atrial fibrillation (table 1) ; no differences with respect to gender were evident (76% male with and 75% male without atrial fibrillation. Left ventricular end diastolic dimension, per cent fractional shortening, and maximum wall thickness, as assessed by echocardiography, did not differ significantly between the two patient groups (table 1) . With respect to these clinical and demographic variables, patients with atrial fibrillation on Holter were generally similar to those with clinical atrial fibrillation, although the latter more commonly showed outflow obstruction (table 1) .
INTEROBSERVER AND INTRAOBSERVER
VARIABILITY
Interobserver variability The mean difference between the two observers for measurement of the signal averaged P wave duration was 2-4 (2 2) ms. Interobserver variability was 2 0 (1 -9)%.
Intraobserver variability
The difference between the two measurements of P wave duration made by the same observer was 1 8 (1 5) ms. Intraobserver variability was 1-4 (1-2%).
Discussion
In patients with HCM, the development of atrial fibrillation may lead to clinical deterioration involving acute or progressive cardiac failure and systemic thromboembolism, or potentially lethal ventricular arrhythmias. l-9 Moreover, in a previous study based on a largely unselected regional population of patients with HCM,8 atrial fibrillation proved to be a particularly common and unfavourable clinical feature, associated with death due to disease progression and heart failure.8 These observations underline the advantage of defining clinical markers that would non-invasively identify those patients with HCM who are at risk of developing atrial fibrillation.
Signal averaged P wave duration has been proposed as a variable that identifies the risk for atrial fibrillation in a variety of clinical conditions." 12 117 The rationale for using this test is based on the hypothesis that atrial fibrillation is a reentrant rhythm produced by depressed conduction, which may result in prolonged atrial activation.'425 It has been suggested that in certain cardiac diseases atrial depolarisation may be fragmented and prolonged, in part because of left atrial enlargement.' 26 Therefore, in the present study, a large unselected population of patients with HCM who were part of a regional cohort followed at our institution for up to 20 years8 were studied with high resolution, signal averaged electrocardiography to assess P wave duration. This analysis excluded patients with chronic atrial fibrillation and was limited to those in sinus rhythm, whether or not they had experienced paroxysmal episodes of atrial fibrillation. We found that the overall study group of 110 HCM patients showed significantly greater filtered P wave duration than controls without cardiovascular disease of similar age.
During the period of follow up, about 40% of the patients with HCM developed clinically overt paroxysmal atrial fibrillation or had evidence of atrial fibrillation on the Holter ECG before or after recording the signal averaged electrocardiogram. Those patients with atrial fibrillation showed substantially longer P wave duration than patients who remained in sinus rhythm without atrial fibrillation. Indeed, among the several clinical and demographic variables, a multivariate analysis showed that P wave duration was the only independent marker of the propensity to develop atrial fibrillation. A cut off value of > 140 ms for P wave duration showed sensitivity of 56% and specificity of 83% in detecting atrial fibrillation, with a positive predictive accuracy of 66%. The probability of developing atrial fibrillation in a patient with P wave duration of > 140 ms was over three times greater than that of a patient with a P wave duration of < 140 ms.
While most of our patients with clinically overt atrial fibrillation had experienced this arrhythmia before their signal averaged electrocardiogram, almost one quarter of them developed atrial fibrillation following this test. In the latter patients, P wave duration was virtually identical to that of the patients with previously documented atrial fibrillation.
P wave duration showed weak correlation with greater left atrial size, supporting the hypothesis that prolongation of the signal averaged P wave and left atrial enlargement may act as relatively independent factors in promoting atrial fibrillation. Indeed, specificity and positive predictive accuracy for atrial fibrillation improved to 93% and 78%, respectively, when a left atrial dimension of > 40 mm was combined with P wave prolongation ( > 140 ms) in this analysis.
Of note is the subgroup of 23 patients in whom there was no prior history of a clinically evident episode of atrial fibrillation, although a Holter recording did identify prolonged periods of this arrhythmia. With regard to filtered P wave duration, this subgroup with "silent atrial fibrillation" proved to be intermediate between patients with clinical atrial fibrillation and those without atrial fibrillation. These findings support the hypothesis that occult atrial fibrillation, present only on Holter, in patients with HCM may be an antecedent to the clinically overt expression of this arrhythmia and suggest that Holter electrocardiographic recordings in conjunction with the measurement of P wave duration (as well as assessment of left atrial enlargement by echocardiography) may enhance the identification of those patients at risk for developing atrial fibrillation. Further substantiation of this view is our observation that almost 75% of our patients with clinical atrial fibrillation had also shown asymptomatic episodes of atrial fibrillation on Holter monitoring before their signal averaged electrocardiographic recording.
We do not think that the drug treatment to which many patients in our study group were exposed influenced our data or the conclusions regarding P wave duration. Cardioactive drugs-with the exception of amiodaronewere discontinued for a sufficient period of time before the signal averaged electrocardiographic recordings. Although the administration of amiodarone was associated with P wave prolongation, multivariate analysis showed that a P wave of > 140 ms in duration retained a highly significant association with atrial fibrillation, which was independent of the effect of amiodarone treatment. Also, the statistically significant difference in P wave duration between patients with clinical atrial fibrillation and those without atrial fibrillation was not altered by the exclusion of those patients to whom amiodarone was administered.
In the present study, we employed an R wave triggered technique for signal averaging which derives a longer P wave duration and a lower amplitude than the P wave triggered techniques employed by certain other investi-
